Full-length L 1 elements have been shown to possess, at their 5 ' end, tandem repeats called "A" or "F" types. By sequencing the 5' region of two large Ll copies that did not hybridize to A or F probes, we have identified a new sequence that is found at the 5' end of many L 1 elements and that we call "V." The element characterized has no 200-bp tandem repetitive structure, and the new 5' sequence is not similar to the A or F sequences. The study of the relationships between the V and Ll sequences has shown that only half of the V (i.e., V-specific 5') sequences in the genome are linked to the 5' end of Ll copies. In related rodent species, a comparative study by Southern blot and PCR analysis of the V sequence suggests that this Ll subfamily has an ancient origin and that V sequence isolated from the remainder of the Ll element has been amplified during the evolution of the mouse genome.
Introduction
L 1 is the only family of long interspersed repetitive elements (LINE-1) (Singer and Skowronski 1985; Hutchison et al. 1988 ) that has been well characterized in the mammalian genome. In the mouse and in man, the longest members reach 7 kb in length. They contain two long open-reading frames seemingly evolving under selective pressure . Because most members are truncated at variable distances from a common A-rich 3' end, the number of complete elements is much smaller than the number of 3' ends ( 10,000 vs. 100,000). All copies analyzed so far are flanked by short direct repeats. These features suggest that Ll elements are retrotransposons Loeb et al. 1986; Fanning and Singer 1987) .
Complete Ll elements lack the long terminal repeats characteristic of other retrovirns-like transposable elements. However, tandem repeats type A and type F (Loeb et al. 1986; Padgett et al. 1988 ) , which are 208 bp and 206 bp, respectively, have been found at the 5' end of some full-length murine Ll elements. Despite their possessing no sequence similarity, both these 5' repeats contain signals resembling promoter sequences of the mammalian housekeeping genes. Therefore, it has been suggested that they are involved in the propagation of the L 1 sequences themselves (Loeb et al. 1986; Padgett et al. 1988) . Indeed, it has been shown that the A repeats have the ability to promote transcription of the chloramphenicol acyltransferase gene (Severynse et al. 1989) .
A or F repeats have not been detected at the 5' end of the Ll elements of either man or rat (Rogers 1986 ). Nevertheless, two rat Ll sequences have been shown to contain a regulatory region with features similar to those in the mouse Ll 5' repeats. It consists of a 600-bp sequence that exhibits tandem duplication ). This region can indeed activate the expression of the chloramphenicol acyltransferase gene in a rat cell line (Nur et al. 1988 ) .
The Drosophila I, F, and jockey elements resemble the mammalian Ll elements (Fawcett et al. 1986; Di Nocera and Casari 1987; PriimHgi et al. 1988 ). However, they do not possess repeated sequences at their 5' end but have a few common nucleotides which, in the case of the jockey element, serve as an internal promoter for RNA polymerase II .
Recently, the SLACS sequences (Aksoy et al. 1990 ), similar to LINE-l retrotransposons, have been characterized in Trypanosoma brucei gambiense. Their 5' ends also contain multiple copies of a 185-bp tandem repeated segment. However, tandem repeats such as A and F are not always a feature of the 5' region of LINE elements (Burke et al. 1987; Kimmel et al. 1987; Murphy et al. 1987; Winkfein et al. 1988) .
We have shown in a previous study ) that most of the cloned full-length Ll repeats lack either A or F sequences at their 5' end. Hence we decided to sequence and analyze the 5' regions of two such Ll elements which had already been cloned, in order to establish whether other kinds of sequences exist at their 5 ' end.
Materials and Methods Animals
All the animals used in the present study were provided by Dr. F. Bonhomme (Montpellier).
DNA Samples
Total DNAs and the various Ll restriction fragments used as probes were purified according to a method described elsewhere ( Jubier-Maurin et al. 1985 ) . The V probe was prepared from clone lG-5 by polymerase chain reaction with two oligonucleotides chosen at the 5' (positions 57-75 ) and 3' (positions 332-3 14) ends of the V (i.e., Vspecific 5') sequence ( fig. 1 ). The ORFl probe specific for the V subfamily of Ll sequences was prepared from a single-stranded template of the 994-bp BamHI/PstI fragment of 1 G-5 ( fig. 2 ) cloned in M 13mp 11. The inserted DNA was amplified by polymerase chain reaction with the use of the M 13 primer and reverse primer. The product of amplification was codigested by AvaII and PstI, and the 435-bp fragment ( fig. 2 ) was purified for labeling.
Isolation of Recombinant DNA Clones
To isolate presumably full-length Ll elements, we completely hydrolyzed total DNA from Mus musculus domesticus by BstEII, which has no restriction sites in the LlMd-A2 sequence (Loeb et al. 1986 ). After gel electrophoresis, fragments longer than 6.5 kb were prepared by electroelution and were cloned by using a Sal1 site of XEMBL 3 (Promega Biotec). Phage were recovered by in vitro packaging and were maintained in the Escherichia coli strain LE 392. Duplicate lifts were hybridized to probes covering both the 5' and 3' ends of the consensus Ll copy [the PstI fragment of the ORFl isolated from pBfl-5 ( fig. 2 ) and the consensus 500-bp BarnHI fragment ( fig. 2) (Loeb et al. 1986 ). Hatched boxes denote the regions of the clones sequenced but not similar to A or F clades, and unhatched boxes denote regions similar to A and F clades. Underneath is indicated the corresponding nucleotide position in Ll MQA2, as numbered by Loeb et al. ( 1986) . A 1.5-kb insertion in IG-5 is also shown. Maps of clones pB f L-5 and L5.8 from which probes were prepared for this work are also presented. The restriction sites are indicated as follows: A = AvaII;'B = BarnHI; BI = BglI; BII = BglII; E = EcoRI; H = HindIII; P = PstI; S = SalI; and Sm = SmaI.
Southern Blot Analysis and Hybridizations
DNA restriction fragments were transferred from agarose gels to hybond N+ ( Amersham) membranes by using the pocket-blotting procedure (Cuny et al., 199 1) and then were hybridized to 32P-labeled probes. Hybridization was performed at 68°C for 2 h by the rapid-hybridization system (Amersham). The membranes were then washed in 2 X SSPE ( 1 X SSPE = 0.15 M NaCl, 10 mM NaH2P04, 1 mM Na2 ethylenediaminetetraacetate), 0.1% sodium dodecyl sulfate (SDS) at room temperature, twice in 1 X SSPE, 0.1% SDS and twice in 0.2 X SSPE, 0.1% SDS at 65°C. Membranes were exposed at -70°C by using Amersham Hyperfilm films and intensifying screens.
DNA Sequencing
Two BamHI/SalI restriction fragments-one of 3.9 kb and one of 5.16 kbfrom lG-8 ( fig. 2 ) were subcloned in M 13mp 11. Several fragments from 1 G-5 were subcloned ( fig. 2 ): the 4.7-kb SalI/EcoRI and the 3.7-kb PstI/EcoRI (both in Ml3mplO), the 4.2-kb BamHI/SalI in M13mpl1, and the 994-bp BamHI/PstI were subcloned in both orientations and completely sequenced. The fragments ligated to the phage DNA were transfected into competent TG 1 E. coli cells. After being plated on X-gal plates, clear plaques were picked, and single-stranded templates were prepared ( Loeb et al. 1986 ) ( nucleotide 606 of 1 G-8). The two similar 58-bp sequences in the V element are indicated by broken underlines. The tandem repeats in ORFI are underlined. Vertical arrows delimit a sequence similar to the most 3' complete 66-bp repeat of the F type Ll elements . according to the method of Sanger et al. ( 1980) . The sequence reactions were performed using the dideoxy chain-termination procedure (Sanger et al. 1977) with Sequenase (USB). Sequence alignments were established by the method of Kanehisa ( 1984) .
Polymerase Chain Reaction
One microgram of total DNA was used for amplification (Saiki et al. 1985 ) in a volume of 50 yl. The first oligonucleotide CCATGTCCCTTAGAGGACT was specific for the V sequence (positions 57-75 of lG-5; fig. 1 ), and the second one GTTGCC-TCGCTTTGGGTTTTC was chosen in the ORFl ( fig. 1 ) according to LlMd-A2 sequence (Loeb et al. 1986 ) (positions 2075-2055, corresponding to positions 7 lo-692 of lG-5). A total number of 30 cycles were performed with 2.5 units of Tuq polymerase purchased from Genofit. Annealing was carried out at 60°C with 75 pmol of each oligonucleotide. These cycles were extended for 2 min, except for the last cycle, which lasted 15 min.
Results

Analysis of 5' Region of Two Full-Length Ll Copies without A or F Repeats
Seven of 10 clones previously isolated from a Mus musculus domesticus genomic library designed so as to be representative of Ll full-length elements were shown to lack either A or F tandem repeats at their 5' ends ). Maps of two clones ( lG-8 and lG-5; Jubier-Maurin et al. 1987) identified as containing large Ll elements are shown in figure 2. lG-5 is characterized by an insertion of 1.5 kb in length which starts at nucleotide 2956 using the numbering from L 1 Md-A2, an A-type full-length L 1 copy (Loeb et al. 1986 ). The 1.5-kb insert shows no similarity to either Ll or other known mouse sequences (rodent file of GenBank, 1990). lG-8 has none of the A-type consensus restriction sites (Loeb et al. 1986 ). Sequences from the 5' and 3' regions of these two Ll elements have been obtained (fig. 2) . The short direct repeats generally bordering the Ll copies were not detected because of the truncation during the cloning procedure of 1 G-8 and 1 G-5 ( fig. 2 ) , at their 3 ' and 5 ' ends, respectively.
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in the region situated between the 5' A tandem repeats and the ORFl (nucleotides 1539-1675 of LlMd-A2; fig. 2 ). Likewise, no alignment is obtained between either lG-8 or lG-5 and the F-type full-length Ll elements in this same region. Moreover, lG-8 and lG-5 lack the nucleotides corresponding to the first four and 18 amino acids of L 1 Md-A2 ORF 1, respectively. Both V-type elements have numerous stop codons in the region homologous to the A-clade ORFl. In the ORFl, the percentage of sequence identity is 68% with LlMd-A2 and 77% with the F type Ll sequences . A region located in the first one-third of the ORFl has been shown to be subject to tandem duplications. The length and type of repeats (42 bp and 66 bp) thus created becomes characteristic of each A-or F-type clade ; data not shown). Although l G-8 and 1 G-5 did not exhibit internal tandem repeats, the alignments with the F-type Ll elements ) revealed similarity to two 66-bp tandem repeats (underlined in fig. 1 ), the 5' one being incomplete. The alignment of the 5' regions of lG-5 and lG-8 is shown in figure 1 . A short insertion (not shown) in lG-8, at positions 256-373 is bordered by two short direct repeats (ACAGA), one of which is found in lG-5. When this difference is not taken into account, lG-8 and lG-5 have 80% identity, thus sharing upstream from ORFl a common sequence which we have called "V" (fig. 1 ) . This sequence has no significant similarity with any portion of the previously isolated full-length Ll copies (Loeb et al, 1986; Wincker et al. 1987) . Because of the truncation of lG-5, the beginning of the V sequence could be tentatively assumed to be in the vicinity of the point where the sequence of lG-8 becomes richer in G+C (nucleotide 137). Consequently, the length of the 5' V sequence (from this nucleotide to the presumed start of ORFl; fig.  1 ) in this element is -350 bp (with no account being taken of the insertion in lG-8 ) . No tandemly internal repetitive structure was detectable in the 6 10 nucleotides sequenced in the region -upstream from the putative ORFl of lG-8.
Two homologous 58-bp regions (69% identity in lG-8 and 64% identity in lG-5) (dashed lines in fig. 1 ), separated by 40 bp, are detectable in the V sequence, however. The first one ends exactly at the point where A or F tandem repeats would end if they were present. The second one ends 40 bp upstream from the consensus ORFl. The G+C content of the V sequence-47% (for IG-5) to 50% (for lG-8)-is rather high compared with that of bulk DNA, which is about 40% G+C.
Comparative Association of A and F Repeats and V Sequences with the Ll Copies
That, of 10 randomly isolated clones , two Ll copies were so similar is unlikely to be due to chance. These may be representatives of a new subfamily defined by its 5' end.
Lifts of the M. m. domesticus genomic library ) were therefore probed with this V sequence, to estimate its frequency in our library. The probe was prepared from lG-5 by polymerase chain reaction with the two oligonucleotides indicated in figure 1 .
The results (table 1) are compared with those obtained with A and F repeats on the same lifts . Of -24 X lo3 recombinant clones tested, 140, 43, 17, and 40 hybridized to the 5' ORFl, A, F, and V probes respectively. It is curious that only 42, 10, and 22, respectively, of those A, F, and V clones also hybridized to the ORFl, indicating that about 2%, 41%, and 45% of the A, F, and V sequences seem not to be on the 5' end of Ll sequences. The reiteration frequency of the V sequences is similar to that of the A repeats. The number of clones detected with the V: A New 5' End for Ll Repetitive Sequences 47
ORFl probe ( 140) is larger than the total number of clones which possess A, F, or V sequences ( 74).
Comparative Analysis of the Ll V Subfamily in the Genus MUS and in Other Mm-ids
A. Restriction-Enzyme Analysis
The divergence found between lG-8 / lG-5 and the A-or F-type complete Ll elements (Loeb et al. 1986; Wincker et al. 1987) indicate that, with respect to the A and F families, these two copies are ancient insertions in the Mus genome. We therefore analyzed the V subfamily variability in different species of mm-ids, the phylogenetic relationships of which are shown in figure 3 .
The V probe was hybridized to genomic DNA BamHI digests ( fig. 4A ). Two major bands-one of 1,400 bp and one of 700 bp-are detected only in M. m. musculus and, strikingly, with a lower intensity in A4. m. domesticus. Except in rats, a smear of similar intensity can be observed in all the other species analyzed. This is true even for the species most phylogenetically distant from the one from which the V probe was prepared ( fig. 3) . Three other large bands-one of 7.8 kb, one of 6.8 kb, and one of 5.6 kb-are also detected in M. m. musculus ( fig. 4B ). Some are found with variable intensities in several other species ( fig. 4B ).
To analyze further the evolution of the V-type Ll subfamily, we used an ORFl probe originating from lG-5 (the 435-bp AvaII/PstI fragment indicated in fig. 2 ). Two bands were detected ( fig. 5 ) . As expected from a previous study, the 4-kb band corresponding to the simultaneous occurrence of BamHI sites 2 and 3 ( fig. 2 ) was detected in most of the species of the genus MUS (Jubier-Maurin et al. 1985) . The second one, 5.5 kb in length, was found in most of the species analyzed, including rat. However, it is absent from M. . 1986 ) and, therefore, could represent an ancient subfamily shared by most of these species. A smear of comparable intensity is detected in all the species.
The two major bands-one of 1,400 bp and one of 700 bp-obtained with the V probe ( fig. 4A ) did not hybridize with this ORFl lG-5 probe. This could imply that the BamHI sites generating these fragments either are located upstream of the ORF 1 or are not associated with the Ll sequences, since half of the sequences detected by the V probe do not appear to be associated with other Ll sequences.
B. Polymerase-Chain-Reaction Analysis
To confirm that some of the V sequences in the genome are linked to Ll copies, as in the lG-5 and lG-8 clones, we performed polymerase-chain-reaction amplification by using one oligonucleotide primer in the V sequence (nucleotides 57-75 of lG-5; fig. 1 ) and the other in the ORFl (nucleotides 710-692 of lG-5; fig. 1 ). In all the species studied, the major band obtained after hybridization with the V probe is 650 bp in length ( fig. 6 ), as expected from the sequence of lG-5. In the rat, this band was hardly detectable. Several other bands were revealed. The 770-bp band could correspond to a subset of V-type Ll copies that have a short 117-bp insertion, as found in lG-8. A similar pattern was obtained when the same blot was hybridized with the 900-bp PstI fragment which covers part of ORFl (not shown). 
Discussion
We have identified at the 5' end of Ll elements a new type of sequence which we have called "V." Sequencing indicates that in this region there is at least 350 bp unique sequence within these clones. The V sequence differs from both the A and F 5' elements described elsewhere (Loeb et al. 1986; Wincker et al. 1987; Padgett et al. 1988) ) in that no 200-bp tandem-repetitive structure could be detected.
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rat (not shown), whereas this was not the case when V was used as a probe ( fig. 4A ). However, polymerase-chain-reaction amplification of rat DNA by the oligonucleotides chosen to prepare the V probe, followed by hybridization between the product and this probe, revealed the predicted band with the same intensity as was observed in the mouse species (data not shown). This indicates that V sequences were present but only slightly repeated in the rat genome before divergence between the rat and mouse lineages occurred. Moreover, rat V elements have also been shown to be linked to full-length rat Ll copies ( fig. 6 ), as is also the case for the mouse species. This is confirmation that the V subfamily was present in the rat genome, as is also true of the A and F subfamilies (not shown). The absence of a signal in rat, compared with the rather high hybridization level observed in the mouse species ( fig. 4A) , indicates that sequences similar to the V probe have been amplified in the mouse genome. In addition, the ORFl probe of the V subfamily could detect a 5.5-kb band in most of the species, including rat ( fig. 5 ) . This was not observed with an ORF 1 probe prepared from an F-type Ll element which is well conserved only in the genus MUS species . Moreover, the overall signal produced with DNA from these species is of rather similar intensity ( fig. 5 ). This result would indicate that ORFl found in the lG-8 and 1 G-5 clones belongs to an old Ll subfamily which existed in the rat genome with the same reiteration frequency as in the mouse species. We therefore conclude that the amplification which occurred in the mouse species (see above) probably concerns only solitary V sequences, although those linked to full-length Ll copies highly divergent from lG-8 and lG-5 might be involved.
The two BumHI bands-1,400 bp and 700 bp-are detected as very strong signals in M. m. musculus, while they are comparatively weak in M. m. domesticus. This is striking, given that M. m. domesticus and M. m. musculus are semispecies, hardly distinguishable when probed with repeated sequences (Jubier-Maurin et al. 1985 Dod et al. 1989 ). This reflects species-specific variability of the V sequences.
The evidence that a large fraction of V sequences is found disassociated from other L 1 sequences raises questions about both their amplification in the mouse species and the generation of full-length L 1 copies with V sequences at their 5' end. Similarity was found between two 58-bp regions of the V sequence, in both clone lG-8 and clone IG-5 ( fig. 1) . In both clones, the first copy ends exactly where both A and F repeats do in their respective Ll subfamilies. This suggests that the V-type Lls resulted from a recombinational event between (a) an Ll element with a 5' region different from that common to the A and F full-length Ll copies and (b) a sequence not linked to Ll, in the region of similarity. This resembles the model proposed by Padgett et al. ( 1988) to explain the association between the F tandem repeats and the Ll sequences. But in the case of the V-type elements the region of shared homology upstream of the ORFl is not part of the Ll consensus sequence ( fig. 1) .
In the absence of data on the structure of the solitary V sequences it is not possible to decide how they were amplified in the mouse species. These V sequences could be derived either from V sequence associated with full-length Ll copies or from solitary sequences preexisting in the genome.
